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1
LEPTIN ANTAGONIST

TECHNICAL FIELD

The present invention relates generally to biotechnology,
particularly to an antagonist or inhibitor of leptin signaling
via the leptin receptor. The leptin antagonist binds to the
leptin receptor, but 1s unable to induce JAK-STAT signal
transduction via the leptin receptor. By binding to the leptin
receptor, the leptin antagonist impairs binding of leptin to the
leptin receptor and blocks leptin signaling.

BACKGROUND

After cleavage of 1ts 21 amino acids signal peptide (Cohen
et al., 1996), mature human leptin 1s secreted as a 146 amino
acid protein, with a typical type II interleukin structure, con-
sisting of a bundle of 4 helices (helix 1-4), with an up-up-
down-down topology (Zhang et al., 1997). Leptin 1s secreted
into the bloodstream primarily by adipocytes, and blood con-
centrations of leptin correlate with white adipose tissue mass.
Leptin acts as an energy homeostasis hormone, regulating
energy expenditure and food 1ntake.

Leptin does so by binding to the leptin receptor in certain
areas 1n the hypothalamus, which leads to phosphorylation of
STAT molecules that subsequently migrate to the cell nucleus
and induce transcription of different genes.

In addition to 1ts adipostatic function, leptin has many other
functions: 1t can induce proliferation, differentiation and
functional activation of hemopoietic cells (Gainsford et al.,
1996), and induces angiogenesis (Sierra-Honigmann et al.,
1998).

Leptin also interacts with the immune and inflammatory
responses (Loflreda et al., 1998).

Leptin levels are acutely increased by inflammatory stimuli
and by pro-inflammatory cytokines TNF-a and IL-1 (Grun-
teld et al., 1996). Leptin 1itself regulates the production of
several cytokines 1n vitro, regulates the T helper (Th1/Th2)
balance, and can up-regulate intlammatory responses (Loi-
freda et al., 1998; Faggioni et al., 1998; Lord et al., 1998).

The human leptin receptor 1s expressed at the cell surface
of many different tissues. At least six different splice variants
of the human leptin receptor were found at present. The
longest 1soform of the human leptin receptor consists of 1162
amino acids, with an extracellular region between residues 1
and 840, a transmembrane region between residues 841 and
863 and an intracellular region between residues 864 and
1162.

The extracellular part of the human leptin receptor contains
at least 7 structural domains (Fong et al., 1998).

Domain 1 (residue 62-178) and 2 (residue 235-328) have a
fibronectin type I1I fold and together form a cytokine receptor
module (CRM), named CRMI.

Domain 3 (residue 329-427) has an Immunoglobulin type
fold.

Domain 4 (residue 428-535) and 5 (residue 536-635) also
have a fibronectine type III fold and together form a second
cytokine receptor module (CRM), named CRM2.

Domains 6 and 7 have a fibronectin type 111 domain struc-
ture.

Like all members of the class I cytokine receptor family,
the leptin receptor has no mtrinsic kinase activity, and uses a
cytoplasmic associated Janus kinase (JAK2 in case of the
leptin receptor) for intracellular signaling (Ghilard: et al.,
1997). In a generally accepted model, leptin binding leads to
formation of a receptor complex, allowing activation of JAK?2
by cross-phosphorylation. Activated JAK2 then rapidly phos-
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phorylates several tyrosine residues in the cytosolic domain
of the leptin receptor. These phosphorylated tyrosine residues
provide docking sites for SH2 containing signaling mol-
ecules. In the mouse leptin receptor, tyrosine 1138 serves as a
binding site for signal transducer and activator of transcrip-
tion 3 (STAT3) (Baumann et al., 1996). STAT3 itself 1s a
substrate for JAK2 and dimerizes upon phosphorylation,
translocates to the nucleus and modulates transcription of
target genes.

The leptin receptor shows the highest sequence similarity
with the cytokine receptors of the IL-6 family and with the
Granulocyte Colony-Stimulating Factor (G-CSF) Receptor.
FSSP (Holm and Sander, 1997) structural similarity searches
reveal that leptin shows the highest structural similarity with
the cytokines of the IL-6 family and G-CSF, and to a lesser
extent with other long chain cytokines, such as the growth
hormone and placental lactogen. The crystal structure of the
Kaposi’s sarcoma-associated herpes virus 1L-6 (vIL6, viral
IL.-6) 1n a 2:2 complex with the three N-terminal extracellular
domains of human gp130 reveals two binding sites, binding
site 11 and binding site 111, for interaction between vIL6 and
opl30 (Chow et al., 2001). Binding site II, consisting of
residues 1n helices 1 and 3 of vIL6, interacts with the cytokine
receptor module (CRM) of gp130. Binding site III 1n vIL6
consists of residues 1n the N-terminus of helix 4, 1n the loop
connecting helix 3 and 4 and in the loop connecting helix 1
and 2, and interacts with the Immunoglobulin-like domain of
opl130. Corresponding site II and 111 residues were 1dentified
in other members of the IL-6 family of cytokines by site
directed mutagenesis: human IL-6, human IL-11, Leukemia
inhibitory factor (LIF), oncostatin M (OSM) and Ciliary neu-
rotrophic factor (CNTF) (Kalai et al., 1997; Savino et al.,
1993:; DiMarco et al., 1996; Hudson et al., 1996; Inoue et al.,
1993; Barton et al., 1999; Bravo and Heath, 2000).

IL-6 contains a third binding site, binding site I, for inter-
action with the IL-6 o receptor. Human IL-6 forms a hexam-
eric 2:2:2 complex with 1ts gp130 and IL-6 o receptor chains:
cach IL-6 molecule binds two gp130 molecules by 1ts site 11

and III binding sites, and one IL-6 receptor a subunit (IL-
6Ra) by its binding site I (FIG. 1) (Boulanger et al., 2003).

Activation of the leptin receptor by binding of leptin plays
a role 1n several physiological processes. Several variant and
mutant forms of leptin have been described, that can be used
in different applications. PCT International Patent Publica-
tion No. W002062833 describes modified leptin polypep-
tides that are substantially non-immunogenic or less immu-
nogenic than any non-modified counterpart when used in
vivo. These polypeptides can be administered to humans of
therapeutic use. PCT International Patent Publication No.
WO9700319 discloses chimeric leptin polypeptides compris-
ing leptin or a mutant or variant thereof fused to a human
immunoglobulin domain. These chimeric derivatives have
prolonged clearing rates and may be usetul in the treatment or
prophylaxis of obesity, or diseases and conditions associated
with obesity such as atherosclerosis, hypertension and type 11
diabetes. PCT International Patent Publication No.
WQ09720933 discloses mutational variants of the mammalian
leptin. These molecules can serve as agonist or antagonist of
the wild-type leptin; their capacity to induce the signaling
pathway upon binding of the receptor varies for the different
mutemns. PCT International Patent Publication No.
WO9812224 describe the use of fragments, derived from

leptin, as leptin antagonist, especially for treating type II
diabetes.

A need remains for a leptin mutant that 1s able to bind to the
receptor, with a similar or higher affinity as the wild-type
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leptin, but without remaining signaling activity. Such leptin
mutant would be a powerful antagonist and can be used to
treat leptin-mediated diseases.

DISCLOSURE OF THE INVENTION

Surprisingly, we found that leptin, similar to IL-6 and
(G-CSFE, has a binding site II and I1I, which are both involved
in binding to the leptin receptor. As 1s the case for G-CSF and
for members of the IL-6 family, binding site II consists of
residues 1n helix 1 (residues 4-26) and 3 (residues 71-93).
These residues are mvolved 1n high atfimity blndmg to the
CRM2 module of the leptin receptor, and mutations 1n bind-
ing site II of mouse leptin decrease or even abolish the aflinity
of the mutant leptin to the mouse leptin receptor. Due to the
decreased binding, these mutants show a decreased induction
of JAK-STAT signaling via the leptin receptor.

Binding site I1I consists of residues in the loop connecting,
helix 1 and 2 (residues 27-50) and of residues at the N-termi-
nus of helix 4 (residues 105-122). Mutations in this binding
site do not -affect the high aifinity binding to the leptin recep-
tor or to the CRM2 module, but still show a decreased induc-
tion of JAK-STAT signaling via the leptin receptor. The
S120AT121A mutation 1n mouse leptin binding site III 1s
unable to mduce any JAK-STAT reporter activity via the
mouse leptin receptor, although the binding affinity of this
mutant for the leptin receptor or for CRM2 of the mouse
leptin receptor 1s similar to that of wild-type leptin.

Even more surprisingly, we found that the S120AT121A
mouse leptin mutant can inhibit the binding of wild-type
leptin to its receptor, and can inhibit the JAK-STAT signal
induced by wild-type leptin. This 1s because the
S120AT121A leptin mutant shows an intact binding site 11,
and avidly binds to CRM2 of the leptin receptor, thus com-
peting for binding of wild-type leptin. Unlike wild-type lep-
tin, however, binding of the S120AT121 A mutant does not
induce JAK-STAT signaling.

In one aspect of the invention, a leptin antagonist of
polypeptidic nature comprises SEQ ID NO:1. Preferably, the
leptin antagomnist 1s comprising SEQ ID NO:2 or SEQ ID
NO:3, even more preferably, the leptin antagonist 1s compris-
ing SEQ ID NO:4. Preferably, the leptin antagonist 1s binding
to the leptin receptor, without inducing the signaling pathway.
A preferred embodiment 1s a leptin antagonist according to
the invention, capable of binding the leptin receptor without
inducing the signaling pathway, whereby the antagonist i1s
mutated 1n amino acid 120 and/or 121 of SEQ ID NO:5.
Preferably, amino acid 120 or amino acid 121 are mutated
into an alanine. Even more preferably, both amino acids are
changed into alanine.

Another preferred embodiment 1s a leptin antagonist of
polypeptidic nature, capable of binding the leptin receptor
without inducing the signaling pathway, comprising SEQ 1D
NO:5 or a functional fragment or variant thereof. A functional
fragment as used here 1s a fragment that still can bind to the
leptin receptor. A variant as used here implies that besides the
amino acids 120 and 121, other amino acids may differ from
the wild-type human leptin sequence. Chemical modifica-
tions of the antagonist are also considered as variants. Chemi-
cal modifications of polypeptides are known to the person
skilled in the art, and include but are not limited to natural
occurring modifications such as glycosylation, phosphoryla-
tion, ubiquitinilation and artificial modifications such as
P;Gylatlon Preferably, the chemical modification 1s increas-
ing the hali-life time of the polypeptide. Even more prefer-
ably, the chemical modification 1s PEGylation. Preferably, the
variant 1s at least 70% 1dentical to the wild-type sequence,
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more preferably, 1t 1s at least 80% 1dentical to the wild-type
sequence, even more preferably, it 1s at least 90% 1dentical to
the wild-type sequence, most preferable, 1t 1s 95% 1dentical to
the wild-type sequence. The functional fragment can be used
as such, or it may be fused to another polypeptide. In the latter
case, the fusion polypeptide has, preferably, an increased
antagonistic capacity. Possible fusion partners are, as a non-
limiting example, polypeptides that increase the hali-life time
of the polypeptide 1n vivo. Such polypeptides are disclosed,
amongst others, in PCT International Patent Publication No.
WO09700319. Alternatively, the fusion partner may capture
leptin itself, thereby increasing the antagonistic activity.
Polypeptides that capture leptin are, as a non-limiting
example, leptin antibodies, preferably single chain antibod-
ies, or a domain of the leptin receptor that 1s binding leptin.

A preferred fusion partner for the antagonist i1t the 1immu-
noglobulin type fold domain of the leptin receptor. This
domain 1s imnvolved 1n leptin dependent oligomerization of the
leptin receptor, and subsequent signaling. Fusion of this
domain to the antagonist will therefore give an increased
antagonistic affect, by disturbing the leptin-induced oligo-
merization of the receptor.

Another aspect of the invention 1s the use of a leptin antago-
nist according to the invention to treat T-cell-mediated
immune and/or autoimmune diseases.

Indeed, leptin
enhances T cell-mediated immune responses, by signaling
through the long form of the leptin receptor on CD4+ T
lymphocytes (Lord et al., 1998). Leptin shiits the T-cell
responses towards a Thl type, with increased secretion of
pro-inflammatory cytokines IL-2 and interferon-y, and
decreased IL-4 production. A leptin antagonist can therefore
be used for modifying/attenuating the T-cell immune
responses, with use as a drug for the treatment of T-cell-
mediated (auto-) immune diseases.

Still another aspect of the invention 1s the use of an antago-
nist according to the invention to treat intestinal inflammation
diseases. Preferably, the intestinal inflammation diseases are
selected from the group consisting of Crohn’s disease, ulcer-
ative colitis and intestinal infectious diseases. In experimen-
tal mouse model systems, where chronic and acute colitis 1s
induced by dextran sulfate sodium or trinitrobenzene sulfonic
acid, leptin deficient mice (ob/ob mice), show a 72% reduc-
tion of colitis severity and a similar decrease of pro-intlam-
matory cytokines in the intestine, compared to wild-type mice
(Siegmund et al., 2002). Administration of leptin in the leptin
deficient mice abolishes the resistance against experimentally
induced colitis (Siegmund et al., 2002). Administration of
Clostridium difficile toxin A 1mduces severe colitis 1n mice.
Leptin deficient (ob/ob) mice, as well as leptin receptor defi-
cient (db/db) mice are partially protected against the toxin
A-1nduced intestinal secretion and inflammation (Mykoniatis
et al., 2003). In ob/ob, but not 1n db/db mice, leptin admainis-
tration reverses the protection against toxin A-induced intes-
tinal secretion and inflammation (Mykomiatis et al., 2003). A
leptin antagonist can therefore be used as a drug for treatment
of intestinal inflammation diseases, such as Crohn’s disease,
ulcerative colitis and intestinal infectious diseases.

In case of intestinal mmflammation diseases, a preferred
delivery method for the leptin antagonist according to the
ivention 1s an in vivo delivery system, as described 1n
WO9714806. Therelore, another aspect of the invention 1s a
lactic acid bacterium, producing a leptin antagonist according
to the invention. Preferably, the lactic acid bacterium is a
Lactobacillus, even more preferably, the lactic acid bacterium
1s a Lactococcus.

A further aspect of the mvention 1s the use of a leptin
antagonist according to the mmvention to treat rheumatoid



US 7,423,113 B2

S

arthritis. Administration of methylated BSA 1n the knees of
mice leads to the development of Antigen-induced arthritis.
As compared to wild-type mice, leptin deficient (ob/ob) mice
and leptin receptor deficient (db/db) mice develop less severe
arthritis, with decreased IL-1f3 and TNF-o 1n the knee syn-
ovial fluid, decreased serum levels of anti-methylated BSA
antibodies and a decreased antigen-specific T cell prolifera-
tive response (Busso et al., 2002). A leptin antagonist can
therefore be used as a drug for treatment of rheumatoid arthri-
t1s.

Still another aspect of the invention 1s the use of a leptin
antagonist according to the invention to treat multiple sclero-
s1s. The clinical onset of experimental autoimmune encepha-
lomyelitis (FAE), a mouse model for multiple sclerosis, 1n
disease-susceptible CS7BL/6J(H-2b) and SIL/J(H-2s) mice
1s preceded by an increase in serum leptin concentrations
(Sanna et al., 2003). This increase 1s correlated with disease
susceptibility. Acute starvation, which reduces serum leptin
levels, delays disease onset and attenuates the EAE symp-
toms. Leptin-deficient C37BL/6J-ob/ob mice are resistant
against EAE, while this resistance 1s abolished by adminis-
tration of leptin (Matarese et al., 2001). These data strongly
indicate that leptin 1s a required factor for development of
EAE, and thus, probably for multiple sclerosis. A leptin
antagonist can therefore be used as a drug for treatment of
multiple sclerosis.

A Turther aspect of the invention 1s the use of a leptin
antagonist of the mvention to treat Type 1 diabetes. Type 1
diabetes 1s an autoimmune disease, 1n which the pancreatic
3-cells are destroyed by intlammatory processes. In the non-
obese diabetic (NOD) mouse, an animal model for type 1
diabetes, an increased serum level of leptin precedes the
diabetes 1n susceptible females, while injection of leptin
accelerates the autoimmune destruction of the pancreatic
3-cells (Matarese et al., 2002). A leptin antagonist can be used
as a drug for preventing/treating type 1 diabetes.

A Tfurther aspect of the invention i1s the use of a leptin
antagonist according to the invention to prevent and/or treat
diseases characterized by 'T-cell-mediated hepatotoxicity.
Leptin deficient ob/ob mice are protected from T cell-medi-
ated hepatitis, experimentally immduced with ConA or
Pseudomonas aeruginosa exotoxin A (Faggioni et al., 2000).
Injection of leptin 1n the leptin deficient mice restores the
hepatotoxicity of these compounds (Faggioni et al., 2000). A
leptin antagonist can therefore be used for treatment and/or
prevention of diseases characterized by 'T-cell-mediated
hepatotoxicity.

Still another aspect of the mvention 1s a pharmaceutical
composition, comprising a leptin antagonist according to the
invention, optionally with a pharmaceutical acceptable
excipient. Suitable excipients are known to the person skilled
in the art, and are inherently non-toxic and non-therapeutic.
Excipients may be, as a non-limiting example, Ringer’s solu-
tion, dextrose solution or Hank’s solution. Non-aqueous solu-
tions such as fixed o1ls and ethyl oleate may also be used. A
preferred excipient 1s 5% dextrose 1n saline. The excipient
may contain minor amounts of additives such as substances
that enhance 1sotonicity and chemical stability, including
buifers and preservatives.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: composition of the 2:2:2 IL-6:gp130:IL-6Rco. com-
plex.

FIG. 2: Activation of luciferase as reporter by WT leptin
and the S120AT121A mutant.
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FIG. 3: Competition of Leptin mutants for binding of
SEAP-Leptinto LepR CRM2. Inset: binding of SEAP-Leptin
to LepR CRM2 1n the presence of undiluted medium contain-
ing WT leptin or the R20N or S120AT121A mutant leptin.

FIG. 4: Incubation of the transfected HEK293T cells with
the wt HA-mouse leptin induces luciferase activity. Co-incu-
bation with the HA-tagged S120AT121A mouse leptin, puri-
fied on the anti-HA affinity column, leads to strong inhibition
of the leptin-induced luciferase activity, and the luciferase
activity drops to the level of non-stimulated cells. 50 ul of the
HEK293T cells were incubated with WT leptin and 50 ul of
different dilutions of fractions 1 (< ),2 ([), and 3(A) eluted
from the anti HA column with 1 mg/ml HA peptide 1n equili-
bration buifer. As a control (+), 50 ul of the HEK293T cells
were incubated with WT leptin and S0 ul of different dilutions
of the elution buffer (1 mg/ml HA peptide in equilibration

butler).
DETAILED DESCRIPTION OF THE INVENTION

The mvention 1s further explained with the aid of the fol-
lowing 1llustrative examples.

EXAMPLES

Example 1

Detection of Binding Site II and III in Human and
Mouse Leptin by Structural Superposition

FSSP structural similarity searches reveal that leptin shows
the highest structural similarity with the cytokines of the IL-6
tamily and G-CSF, and to a minor extent with other long chain
cytokines, such as the growth hormone and placental lacto-
gen.

The crystal structures of human leptin (1ax8), human
CNTF (1cnt), human IL-6 (1alu), bovine G-CSF(1bgc), vIL6
(111r), ovine placental lactogen (1161), murine LIF (11ki) and
human OSM (levs) were superposed, using the FSSP and
Prosup algorithms. Human leptin residues overlapping with
binding site II or III residues in the other cytokines were
considered as possible binding site II or III residues 1n human
leptin.

A homology model was built for murine leptin, by replac-
ing non-identical residues in human leptin structure by the
optimal rotamer of the corresponding residue 1n mouse leptin,
followed by energy minimization, using moe and the
charmm?2?2 force field. Residues aligning with the possible
binding site II or I1I residues 1n human leptin were considered
as possible binding site II or III residues 1n human leptin.
Solvent-exposed residues 1n the predicted binding site 11 and
III were mutated 1n the pMET7-SIgK-HA-mLep expression
vector, and the mutant leptin was expressed 1n COS-1 cells.

Example 2

Generation of the Mouse Leptin Expression Vector
pMet7-SIgK-HA-mouse Leptin

The pCDMS8 mleptin-AP vector 1s containing the mouse
leptin sequence, followed by the human alkaline phosphatase
sequence. The wild-type (wt) mouse leptin sequence was
1solated from this vector by PCR, using the 5' forward oligo-
meric primer 5'-GCGTCCGGAATCCAGAAAGTCCAG-
GATG-3' (SEQ ID NO:6), containing a BspEI restriction site,
and the 3' reverse primer 5'-CGCTCTAGATTAGCAT-
TCAGGGCTAACATCC-3' (SEQ ID NO:7), containing an
Xbal restriction site. The pMET7-SIgK-HA-LRIo plasmid
contains the SIgK signal peptide, followed by the HA tag
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sequence and the mouse leptin receptor sequence. The leptin
receptor sequence was excised from this vector, using the
BspEI and Xbal restriction enzymes, and the mouse leptin
sequence was ligated 1nto this opened vector. The resulting
vector, pMET7-SIgK-HA-mLep, allows the expression of a
fusion protein, consisting of the SIgK signal peptide, fol-
lowed by the HA-tag sequence, followed by a 4 amino acid
GGSG linker, followed by amino acids 3 to 146 of mouse
leptin. Upon expression 1n eukaryotic cells, the SIgK signal
peptide is cleaved off and the HA-tagged protein is secreted in
the medium.

Amino acid sequence (SEQ ID NO:8) of SIgK-HA-mouse
leptin: the arrow indicates the predicted cleavage site of the
SIgK signal peptide, the numbers above the sequence indicate
the residue numbers 1n mouse leptin:

10

28

METDTLLIWVILLIWVPGSTGD YPYDVPDYA GGG IQKVQDDTKTLIKTIVIRINDISHTQ

SIgK signal peptide ﬂ HA-tag GGSG mouse leptin
29 88
SVSAKQRVTGLDFIPGLHPILSLSKMDQTLAVYQQVLTSLPSONVLQIANDLENLRDLLH
89 120121 146

LLAFSKSCSLPQTSGLQKPESLDGVLEASLYSTEVVALSRLOQGSLODILQQLDVSPEC

Example 3
Generation of Mouse Leptin Mutants

The mouse leptin S120AT121A mutation was introduced
in the pMET7-SIgK-HA-mlLep by PCR using primers

35

The mouse leptin R20N mutation was introduced 1n the
pMET7-SIgK-HA-mLep by PCR using primers O-1701 and
0O-1702.

The mouse leptin L13N mutation was introduced 1n the
pMET7-SIgK-HA-mLep by PCR using primers O-1769 and

O-1821 and O-1822. O-1770.

Oligo Specification Sequence

0-1701 Mutation R20N in CAAGACCATTGTCACCAACATTAATGACATTTC (SEQ ID NO: )
mouse leptin ACACACG

0-1702 Mutation R20N in CGTGTGTGAAATGTCATTAATGTTGGTGACAAT (SEQ ID NO:_)
mouse leptin GGTCTTG

0-1821 Mutation S120AT1212aA GGAAGCCTCACTCTACGCCGCGGAGGTGGTGGC (SEQ ID NO:_)
1n mouse leptin TTTG

0-1822 Mutation S120AT1212aA CAAAGCCACCACCTCCGCGGCGTAGAGTGAGGC (SEQ ID NO:_)
1n mouse leptin TTCC

0-1769 Mutation L13N 1in GGATGACACCAAAACCAACATCAAGACAATTGT (SEQ ID NO:_)
mouse leptin CACCAGGATC

0-1770 Mutation L13N in GATCCTGGTGACAATTGTCTTGATGTTGGTTTT (SEQ ID NO:_ )

mouse leptin

GGTGTCATCC
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All mutations were mtroduced using the QuickChange
method (Stratagene) according to the manufacturer’s speci-
fications.

Amino acid sequence (SEQ ID NO:15) of the mouse leptin
mutants: vertical arrows indicate the position of the muta- 5

tions, the numbers above the sequence indicate the residue
numbers 1n mouse leptin:

1. R20N

3 20 28

METDITLLIWVLLIWVPGSTGD YPYDVPD YA GGSG [QKVQDDTKTLIKTIVININDISHTQ

IT

29 88

SVSAKQRVIGLDFIPGLHPILSLSKMDQTLAVYQQVLTSLPSQNVLQIANDLENLRDLLH
89 120121 146

LLAFSKSCSLPQTSGLQKPESLDGVLEASLYSTEVVALSRLQGSLOQDILQQLDVSPEC

2. LI3N

3 13 28
METDTLLILWVLLIWVPGSTGD YPYDVPDYA GGSG IQKVQDDTKTNIKTIVTRINDISHTQ
29 38

SVOAKQRVIGLDFIPGLHPILSLSKMDQTLAVYQQVLITSLPSQNVLQIANDLENLRDLLH
39 120121 146

LLAFSKSCSLPQTSGLQKPESLDGVLEASLYSTEVVALSRLQGSLQDILQQLDVSPEC

3. S120AT121A

3 28

METDTLLIWVILLIWVPGSTGD YPYDVPDYA GGG [QKVQDDTKTLIKTIVIRINDISHTQ

29 88

SVOAKQRVIGLDFIPGLHPILSLSKMDQTLAVYQQVLISLPSQNVLQIANDLENLRDLLH
89 120121 146

LLAFSKSCSLPQTSGLQKPESLDGVLEASLYAAEVVALSRLQGSLOQDILQQLDVSPEC

fm

10
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Example 4

Expression of the HA-tagged Mouse Leptin and
HA-tagged Mouse Leptin Mutants 1n COS-1 Cells

COS-1 cells were seeded at 4x10° cells/well in 6-well
plates, and grown overnight.

The cells were then transfected using the polyethylene-
imine (PEI) transiection method with the pMet7-SIgK-HA -
mlep or the R20N, L13N or S120AT121 A mutants in this

vector.

The medium was replaced after 4 hours transfection, and

cells were incubated overnight, after which the medium was
replaced by 2 ml OPTI-MEM medium (Gibco-BRL). After

another 72 hours, the OPTI-MEM medium containing the
secreted HA-tagged leptin or HA-tagged leptin mutant was
collected, and cells were removed by centrifugation.

Example 5

Purification of HA-tagged S120AT121A Mouse
Leptin

COS-1 cells were seeded at 8x10° cells per 175 cm? flask in
DMEM medium. Ten 175 cm? flasks were transfected with
the S120AT121A pMET7-SIgK-HA-mLep mutant by trans-
fection using polyethyleneimine. After 4 hours, the medium
was replaced by fresh DMEM medium, and cells were grown
overnight. The medium was then replaced by 50 ml OPTI-
MEM, and cells were incubated 1n this medium for another 72
hours. The medium with the secreted S120AT121A
HA-tagged mouse leptin was collected and filtered through a

0.22 um filter, and complete (Roche Diagnostics) protease
inhibitor was added.

The S120AT121A HA-tagged mouse leptin was purified

on a 1 ml anti-HA affinity column (Roche diagnostics). The
medium was loaded at a flow rate o1 0.3 ml/min. The column
was washed with 25 ml equilibration butfer (20 mM Tris/HCI,
pH 7.5, 100 mM NaCl, 0.1 mM EDTA)+0.05% Tween-20,
followed by 10 ml equilibration butier without Tween-20.
The S120AT121A HA-mouse leptin was eluted with HA

peptide (1 mg/ml) 1n equilibration buffer.

Example 6

The S120AT121A Mouse Leptin Mutant does not
Induce JAK-STAT Signaling of the Mouse Leptin

Receptor

HEK293T cells were seeded in 6 well plates at 4x10°
cells/well and grown for 20 hours. The cells were then trans-
tected with the pMET7-mLRlo and pXP2d2-rPAP1 plas-
mids, using the standard calctum phosphate precipitation
technique. One day after transfection, the cells were washed
with phosphate buffered saline, and cultured 1n DMEM
medium supplemented with 10% fetal calf serum and 50
ug/ml gentamycin. Two days after transiection, the cells were
dissociated with cell dissociation buifer (Invitrogen) and
resuspended 1n 2 ml of DMEM medium supplemented with
10% fetal calf serum and 350 png/ml gentamycin. 30 ul of the
cell suspension was seeded 1n each well of a black 96-well
plate (Costar). In each well, 50 ul of the appropriate dilution
of medium containing either HA-tagged mouse leptin, R20N
mouse leptin, L13N mouse leptin or S120AT121A mouse
leptin was added.

10

15

20

25

30

35

40

45

50

55

60

65

12

The pMET7-mLRIo plasmid encodes the long form of the
mouse leptin receptor, with a C-terminal myc tag. The
pXP2d2-rPAP1 plasmid encodes the luciferase gene, under
control of the STAT3-dependent rat pancreatitis-associated
protein-1 promoter.

Incubation of the transfected HEK293T cells with wt HA-
tagged mouse leptin leads to concentration-dependent
luciferase activity. Incubation of the transfected HEK293T
cells with the R20N mutant HA-tagged mouse leptin, the
[L13N mutant HA-tagged mouse leptin or the S120AT121A
mouse leptin does not lead to an appreciable increase of
luciferase activity 1n the transfected cells.

Example 7

The S120AT121A Mouse Leptin Inhibits Binding of
wt Leptin to the Leptin Receptor

8x10° COS-1 cells were seeded in a 175 cm” flask, and

grown overnight in DMEM medium supplemented with 10%
fetal calf serum and 30 ug/ml gentamycin.

The cells were transfected with the pMET7-mLRCRM2-
h1s6 using the PEI transfection method. pMET7-mLRCRM2-
his6 encodes amino acids 407-604, corresponding to the
CRM2 module of the murine leptin receptor, followed by a
C-terminal his6 tag. After 4 hours, the medium was replaced
by fresh DMEM medium supplemented with 10% fetal calf
serum and 50 ug/ml gentamycin, and cells were grown over-
night. The medium was then replaced by 50 ml OPTI-MEM,
and cells were incubated 1n this medium for another 72 hours.
The medium with the secreted His-tagged CRM2 leptin was
collected and cells were removed by centrifugation. This
medium 1s referred to as CRM2-his medium.

8x10° COS-1 cells were seeded in a 175 cm” flask, and

grown overnight in DMEM supplemented with 10% fetal calf
serum and 50 ug/ml gentamycin.

The cells were transfected with the pCDMS8 AP-mLep
plasmid using the PEI transtection method. The pCDMS8 AP-
mlep plasmid allows expression of a fusion protein, consist-
ing of murine leptin linked to the C-terminus of human
secreted alkaline phosphatase (SEAP). After 4 hours, the
medium was replaced by fresh DMEM medium, and cells
were grown overnight. The medium was then replaced by 50
ml OPTI-MEM, and cells were incubated in this medium for
another 72 hours. The medium with the secreted SEAP-leptin
was collected and cells were removed by centrifugation. This
medium 1s referred to as SEAP-leptin medium.

Maxisorp plates (Nunc) were coated overnight at 6° C.
with 0.25 ug/ml anti-HisS antibody ((Qiagen). Plates were
washed four times with phosphate buffered saline pH 7.5
containing 0.1% Tween 20. The free protein binding sites on
the plates were blocked by incubation with 1% casein 1n
phosphate bufiered saline pH 7.5 at 37° C. for two hours.
Plates were washed four times with phosphate butfered saline
pH 7.5 contaiming 0.1% Tween 20. The plates were incubated
for 2 hours at 37° C. with the undiluted medium containing
the his-tagged CRM2 of the murine leptin receptor. Plates
were washed four times with phosphate bufifered saline pH
7.5 containing 0.1% Tween 20. The plates were then 1ncu-
bated with SEAP-leptin medium and different concentrations
of either HA-tagged mouse leptin or S120AT121A leptin
antagonist. Addition of S120AT121A mouse leptin or WT
leptin, but not of mutant R20N inhibits the bmdmg of the
SEAP-leptin to the his-tagged CRM2 of the murine leptin
receptor. The results are shown 1n FIG. 3.
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Example 8

The S120AT121A Mouse Leptin Mutant Inhibits the
JAK-STAT Signaling of the Mouse Leptin Receptor

HEK 293T cells were seeded in 6 well plates at 4x10°
cells/well and grown for 20 hours. The cells were then trans-
fected with the pMET7-mLRlo and pXP2d2-rPAP1 plas-
mids, using the standard calctum phosphate precipitation
technique. One day aiter transiection, the cells were washed
with phosphate buffered saline, and cultured in DMEM
medium supplemented with 10% fetal calf serum and 50
ug/ml gentamycin. Two days after transiection, the cells were
dissociated with cell dissociation buffer (Invitrogen) and
resuspended 1n 2 ml of DMEM medium, supplemented with
10% fetal calf serum and 50 ng/ml gentamycin. 50 ul of the
cell suspension was seeded 1n each well of a black 96-well
plate (Costar). OPTI-MEM medium, containing wt
HA-tagged leptin (see, Example 4) was diluted 16 fold 1n
OPT-MEM. 50 ul of this diluted medium was added to the
cells, together with 50 ul of dilution of anti-HA purified (see
Example 5) HA tagged S120AT121A leptin. The cells were
then incubated overnight. The medium was removed and the
cells were incubated with 50 u of lysis butfer (25 mM Tris, pH
7.8; 2 mM EDTA; 2 mM DTT; 10% glycerol; 1% Triton
X-100) for 10 minutes. 35 ul of luciterase substrate butier (20
mM Tricine; 1.07 mM (MgCO,),Mg(OH),.5H,0O; 2.67 mM
MgSO,.7H,0O; 0.1 mM EDTA; 33.3 mM DTT 270 mM
CoenzymeA 4’70 mM Luciferin; 530 mM ATP; final pH 7.8)
was then added to the lysate, and the light emission was
measured 1n a TopCount Chemiluminescence Counter (Pack-
ard).

The results are shown 1n FIG. 4. Incubation of the trans-
tected HEK293T cells with the wt HA-tagged mouse leptin
induces luciferase activity. Co-incubation with the
S120AT121A mutant inhibits the leptin-induced luciferase
activity. This inhibitory effect 1s not seen with the L13N nor
the R20N mutants.
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SEQUENCE LISTING

<loe0> NUMBER OF SEQ ID NOS: 17
<210> SEQ ID NO 1

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220>
<223>

FEATURE :
OTHER INFORMATION:

a leptin antagonist

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: X can be any amino acid, but not S
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: X can be any amino acid, but not T
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: X can be an R or W

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: X can be an G, A or R

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (13)..(13)

<223

<4 00>

Xaa Xaa Glu Val Val 2la Leu Ser Xaa Leu Gln Xaa

OTHER INFORMATION: X can

SEQUENCE: 1

be

an S or A

Xaa Leu Gln Asp

1 5 10 15
<210> SEQ ID NO 2

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> QOTHER INFORMATION: a leptin antagonist
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: X can be any amino acid, but not T
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: X can be an R or W
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: X c¢can be an G, A or R
<220> FEATURE:

<221> NAME/KEY: MISC FEATURE

«222> LOCATION: (13)..(13)

<223>

OTHER INFORMATION: X can

be

an S or A



<4 00>
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-continued

SEQUENCE : 2

Ala Xaa Glu Val Val Ala Leu Ser Xaa Leu Gln Xaa Xaa Leu Gln Asp

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
CL222>
<223>

<4 00>

5 10 15

SEQ ID NO 3

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: a leptin antagonist
FEATURE:

NAME/KEY: MISC FEATURE

LOCATION: (1) .. (1)

OTHER INFORMATION: X can be any amino acid, but not S
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (9)..(9)

OTHER INFORMATION: X c¢an be an R or W
FEATURE:

NAME/KEY: MISC FEATURE

LOCATION: (12)..(12)

OTHER INFORMATION: X can be an G, A or R
FEATURE:

NAME /KEY: MISC FEATURE

LOCATION: (13)..(13)

OTHER INFORMATION: X can be an 5 or 4

SEQUENCE: 3

Xaa Ala Glu Val Val Ala Leu Ser Xaa Leu Gln Xaa Xaa Leu Gln Asp

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<4 00>

5 10 15

SEQ ID NO 4

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: a leptin antagonist
FEATURE:

NAME /KEY: MISC FEATURE

LOCATION: (9) .. (9)

OTHER INFORMATION: X can be an R or W
FEATURE:

NAME /KEY: MISC FEATURE

LOCATION: (12)..(12)

OTHER INFORMATION: X can be an G, A or R
FEATURE:

NAME/KEY: MISC FEATURE

LOCATION: (13)..(123)

OTHER INFORMATION: X can be an S or A

SEQUENCE: 4

Ala Ala Glu Val Val Ala Leu Ser Xaa Leu Gln Xaa Xaa Leu Gln Asp

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
CL222>
<223>

<4 00>

5 10 15

SEQ ID NO b
LENGTH: 146

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: a leptin antagonist
FEATURE:

NAME/KEY: MISC _FEATURE

LOCATION: (120)..(120)

OTHER INFORMATION: X can be any amino acid, but not S
FEATURE:

NAME/KEY: MISC _FEATURE

LOCATION: (121)..(121)

OTHER INFORMATION: X can be any amino acid, but not T

SEQUENCE: b5

Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

18



Leu

Leu

65

Glu

Hig

Val

Leu

Gly
145

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

Val

Gln

Thr

50

Thr

AgSh

Leu

Leu

Gln

130

Cys

Thr

Lys

35

Leu

Ser

Leu

Pro

Glu

115

Gly

ATg

20

Val

Ser

Met

ATy

Trp

100

Ala

Ser

SEQUENCE :

28

Tle

Thr

Pro

AsSp

85

Ala

Ser

Leu

SEQ ID NO o
LENGTH :
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

6

Agn

Gly

Met

Ser

70

Leu

Ser

Gly

Gln

19

AsSp
Leu
AsSp
55

Arg

Leu

Gly

Asp
135

forward oligomeric primer used in example 2

Tle

ASP

40

Gln

Agn

His

Leu

Xaa

120

Met

gcgtccggaa tccagaaagt ccaggatg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQUENCE :

31

SEQ ID NO 7
LENGTH :
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

7

Ser

25

Phe

Thr

Val

Val

Glu

105

Xaa

Leu

10

His

Ile

Leu

Tle

Leu

50

Thr

Glu

Trp

Thr

Pro

Ala

Gln

75

Ala

Leu

Val

Gln

-continued

Gln

Gly

Val

60

Tle

Phe

ASp

Val

Leu
140

Ser

Leu

45

Ser

Ser

Ser

Ala

125

Asp

Val
30

Hig

Gln

Agn

Leu
110

Leu

Leu

15

Ser

Pro

Gln

ASpP

Ser

55

Gly

Ser

Ser

reverse primer used 1n example 2

cgctctagat tagcattcag ggctaacatc ¢

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<4 00>

PRT

SEQUENCE :

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Mus musculus
FEATURE:
NAME/KEY: MISC FEATURE
OTHER INFORMATION:

178

8

Met Glu Thr Asp Thr

1

Gly Ser

Ser Gly

Tle

Lys Gln

65

Val
50

Thr
Ile
35

Thr

ATrg

5

Gly Asp

20

Gln Lys

Arg Ile

Val

Thr

Leu

Val

ASh

Gly
70

SlgK-HA-mouse leptin

Leu

Pro

Gln

Asp

55

Leu

Leu

ASP
40

Tle

ASP

Trp

ASDP

25

ASP

Ser

Phe

Val

10

Val

Thr

His

Tle

Leu

Pro

Thr

Pro
75

Leu

ASpP

Thr

Gln

60

Gly

Leu

Leu
45

Ser

Leu

Trp

Ala

30

Ile

Val

His

Val
15

Gly

Ser

Pro

US 7,423,113 B2

Ser

Ile

Tle

Leu

80

Gly

ATrg

Pro

Pro

Gly

Thr

Ala

Tle
80

20



Leu

Leu

Glu

Ser

Val

145

Leu

Glu

Ser

Thr

Agn

Leu

130

Leu

Gln

Cys

Leu

Ser

Leu

115

Pro

Glu

Gly

Ser

Leu

100

ATg

Gln

Ala

Ser

Lys

85

Pro

AsSp

Thr

Ser

Leu
165

Met

Ser

Leu

Ser

Leu

150

Gln

21

AsSp
Gln
Leu
Gly

135

AsSp

Gln

Agn

His

120

Leu

Ser

Tle

Thr

Val

105

Leu

Gln

Thr

Leu

Leu
S0

Leu

Leu

Glu

Gln
170

Ala

Gln

Ala

Pro

Val

155

Gln

-continued

Val Tyr Gln Gln

Ile

Phe

Glu

140

Val

Leu

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO S

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer O-1701

SEQUENCE: 9

caagaccatt gtcaccaaca ttaatgacat ttcacacacg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 10

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer 0O-1702

SEQUENCE: 10

cgtgtgtgaa atgtcattaa tgttggtgac aatggtcttyg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 11

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer O-1821

SEQUENCE: 11

ggaagcctca ctctacgcececyg cggaggtggt ggcectttg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 12

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer 0-1822

SEQUENCE: 12

caaagccacce acctecgegyg cgtagagtga ggcettcec

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 13

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer 0O-1769

SEQUENCE: 13

ggatgacacc aaaaccaaca tcaagacaat tgtcaccagg atc

Ala

Ser

125

Ser

Ala

Asp

Agn

110

Leu

Leu

Val

55

ASP

Ser

ASP

Ser

Ser
175
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Val

Leu

Gly

Arg
160

Pro

40

40

37

37

43

22



<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQUENCE :

43

SEQ ID NO 14
LENGTH :
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer 0-1770

14

23

-continued

gatcctggtg acaattgtct tgatgttggt tttggtgtca tcc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

PRT

SEQUENCE :

Met Glu Thr Asp

1

Gly

Ser

Tle

Lys
65

Leu

Leu

Glu

Ser

Val

145

Leu

Glu

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

Ser

Gly

Val

50

Gln

Sexr

Thr

Agn

Leu

130

Leu

Gln

Cys

Thr

Tle

35

Thr

ATrg

Leu

Ser

Leu

115

Pro

Glu

Gly

Gly

20

Gln

Agn

Val

Ser

Leu

100

ATJg

Gln

Ala

Ser

PRT

SEQUENCE :

SEQ ID NO 15
LENGTH:
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: mouse leptin mutant R20N

178

15

Thr
5

AsSp

Tle

Thr

Lys

85

Pro

Asp

Thr

Ser

Leu
165

SEQ ID NO 16
LENGTH :
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: mouse leptin mutant L13N

178

1o

Leu

Val

Agn

Gly

70

Met

Ser

Leu

Ser

Leu

150

Gln

Met Glu Thr Asp Thr Leu

1

5

Gly Ser Thr Gly Asp Tvyr

20

Ser Gly Ile Gln Lys Val

Ile Val Thr Arg Ile Asn

50

35

Leu

Pro

Gln

AsSp

55

Leu

Asp

Gln

Leu

Gly

135

Asp

Leu

Pro

Gln

Asp
55

Leu

ASpP

40

Tle

ASP

Gln

Agn

Hig

120

Leu

Ser

Ile

Leu

ASP
40

Ile

Trp

ASDP

25

ASP

Ser

Phe

Thr

Val

105

Leu

Gln

Thr

Leu

Trp

ASDP
25

Val

10

Val

Thr

His

Ile

Leu

50

Leu

Leu

Glu

Gln
170

Val
10

Val

Leu

Pro

Thr

Pro

75

Ala

Gln

Ala

Pro

Val

155

Gln

Leu

Pro

Asp Thr Lys

Ser

Hisg

Thr

Leu

ASp

Thr

Gln

60

Gly

Val

Tle

Phe

Glu

140

Val

Leu

Leu

ASD

Thr

Gln
60

Leu

Leu
45

Ser

Leu

Ala

Ser

125

Ser

Ala

Asp

Leu

AsSn
45

Ser

Trp

Ala

30

Tle

Val

His

Gln

Agn

110

Leu

Leu

Val

Trp

Ala
20

Tle

Val

Val
15

Gly

Ser

Pro

Gln

55

ASP

Ser

ASpP

Ser

Ser
175

Val
15

Gly

Ser

US 7,423,113 B2

Pro

Gly

Thr

Ala

Ile

80

Val

Leu

Gly
ATrg
160

Pro

Pro

Gly

Thr

Ala

24



Lys
65

Leu

Leu

Glu

Ser

Val

145

Leu

Glu

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

Gln

Ser

Thr

Agn

Leu

130

Leu

Gln

Cys

Leu

Ser

Leu

115

Pro

Glu

Gly

Val

Ser

Leu

100

ATrg

Gln

Ala

Ser

SEQUENCE :

Met Glu Thr Asp

1

Gly

Ser

Tle

Lys

65

Leu

Leu

Glu

Ser

Val

145

Leu

Glu

Ser

Gly

Val

50

Gln

Sexr

Thr

Agn

Leu

130

Leu

Gln

Thr

Tle

35

Thr

ATrg

Leu

Ser

Leu

115

Pro

Glu

Gly

Gly

20

Gln

ATrg

Val

Ser

Leu

100

ATJg

Gln

Ala

Ser

Thr

Lys

85

Pro

AsSp

Thr

Ser

Leu
165

SEQ ID NO 17
LENGTH :
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: mouse leptin mutant S120AT121A

178
PRT

17

Thr
5

Asp

Tle

Thr

Lys

85

Pro

Asp

Thr

Ser

Leu
165

Gly

70

Met

Ser

Leu

Ser

Leu

150

Gln

Leu

Val

Agn

Gly

70

Met

Ser

Leu

Ser

Leu

150

Gln

25

Leu
AsSp
Gln
Leu
Gly

135

AsSp

Leu
Pro
Gln
AsSp
55

Leu
Asp
Gln
Leu
Gly

135

Asp

ASP

Gln

Agn

His

120

Leu

Ser

Tle

Leu

ASpP

40

Tle

ASP

Gln

Agn

Hig

120

Leu

Ala

Tle

Phe

Thr

Val

105

Leu

Gln

Thr

Leu

Trp

ASP

25

ASP

Ser

Phe

Thr

Val

105

Leu

Gln

Ala

Leu

Tle

Leu

90

Leu

Leu

Glu

Gln
170

Val

10

Val

Thr

His

Ile

Leu

50

Leu

Leu

Glu

Gln
170

Pro

75

Ala

Gln

Ala

Pro

Val

155

Gln

Leu

Pro

Thr

Pro

75

Ala

Gln

Ala

Pro

Val

155

Gln

-continued

Gly Leu His

Val

Ile

Phe

Glu

140

Val

Leu

Leu

ASDP

Thr

Gln

60

Gly

Val

Tle

Phe

Glu

140

Val

Leu

Tyr

Ala

Ser

125

Ser

Ala

Asp

Leu

Leu
45

Ser

Leu

Ala

Ser

125

Ser

Ala

Asp

Gln

Agn

110

Leu

Leu

Val

Trp

Ala

30

Tle

Val

His

Gln

Agn

110

Leu

Leu

Val

60

Pro

Gln

o5

ASP

Ser

ASpP

Ser

Ser
175

Val
15

Gly

Ser

Pro

Gln

55

ASpP

Ser

ASpP

Ser

Ser
175

US 7,423,113 B2

Tle
80
Val

Leu

Gly
Arg
160

Pro

Pro

Gly

Thr

Ala

Ile

80

Val

Leu

Gly

ATrg
160

Pro

26

What 1s claimed 1s:

1. An 1solated peptide comprising SEQ ID NO:1, said
peptide having leptin antagonist activity.

2. A pharmaceutical composition for use 1n a subject, the
pharmaceutical composition comprising: S I T

a peptide comprising SEQ ID NO:1, said peptide having
leptin antagonist activity presented 1n a form suitable for
administration to a subject.
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On the Title page
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